There is not agreement about the best maintenance treatment for patients with diffuse lupus nephritis. This multicenter, randomized trial compared the safety and efficacy of cyclosporine and azathioprine. Seventy-five patients with diffuse proliferative lupus were given three intravenous methylprednisolone pulses followed by prednisone and oral cyclophosphamide for a median of 90 d. Subsequently, patients were randomly assigned either to cyclosporine or to azathioprine for 2 yr (core study). Treatment continued for up to 4 yr (follow-up study). The primary outcome measure was the incidence of disease flares. Secondary end points were proteinuria per day, creatinine clearance, and adverse effects. Seven flares occurred in the cyclosporine group, and eight occurred in the azathioprine group. At the end of the core study, mean proteinuria decreased from 2. 
A lthough earlier diagnosis and the refinement of the available therapies have improved the prognosis of lupus nephritis, long-term treatment still remains a major challenge for clinicians. The prolonged administration of corticosteroids is burdened by a number of severe and even life-threatening adverse effects (1). Although a major advance has been obtained with the use of the intermittent administration of intravenous pulsed cyclophosphamide (2) , it still leads to a significant risk for ovarian failure and infection (3) , and a number of patients develop lupus exacerbations (4, 5) . Consequently, considerable efforts are being made to find alternative therapeutic approaches. One controlled trial showed that the combination of mycophenolate mofetil and prednisolone is as effective as a regimen of cyclophosphamide and prednisolone followed by azathioprine but is less toxic (6) . Another controlled trial showed that short-term therapy with intravenous cyclophosphamide followed by maintenance therapy with mycophenolate mofetil or azathioprine seems to be more efficacious and safer than long-term therapy with intravenous cyclophosphamide (7) .
Uncontrolled studies have shown good long-term results using methylprednisolone pulses and oral cyclophosphamide for induction and the treatment of renal flares and low-dose prednisone and azathioprine for maintenance (8, 9) . Clinical benefits obtained by administering cyclosporine in combination with prednisone even in patients whose disease has failed to respond to a previous steroid therapy have been described (10, 11) , but no controlled trial has been reported fully until now. To compare the effectiveness of cyclosporine and azathioprine in the maintenance therapy of patients with lupus nephritis, we organized a multicenter, prospective, randomized, open, blinded-end point, controlled trial in which patients with active disease initially were treated with an induction therapy and then randomly assigned to low-dose prednisone plus cyclosporine or azathioprine.
Materials and Methods

Participants
Male and female patients who were aged at least 16 yr and who gave their written informed consent were admitted to the study when they had lupus diagnosed on the basis of the American College of Rheumatology criteria (12) and biopsy-proven World Health Organization class IV, Vc, or Vd nephritis (13) with a chronicity index of Յ4, according to Austin et al. (14) . The patients who had a new diagnosis of lupus nephritis or were experiencing a new flare of a previously quiescent disease were enrolled provided that they had active urine sediment (Ն5 erythrocytes/high-power field), proteinuria Ͼ1 g/d in the case of newly diagnosed nephritis or Ͼ2 g/d in the case of a new renal flare, and serum creatinine levels of Յ4 mg/dl. The exclusion criteria were potential silent nephritis (15) , i.e., patients without relevant clinical signs of nephritis, renal diseases unrelated to lupus, treatment with cyclosporine or azathioprine in the 6 mo preceding the screening visit, a cumulative cyclophosphamide dose of Ͼ200 mg/kg, any contraindications to the trial drugs, and previous malignancy.
Inclusion and Exclusion Criteria at Randomization
After induction or flare treatment, the patients had to have no major extrarenal signs or symptoms of lupus that required aggressive therapy. Proteinuria had to be Ͼ0.5 g/d at least twice in the 2 wk preceding randomization, serum creatinine Ͻ132 mol (Յ1.5 mg/dl), and creatinine clearance Ͼ60 ml/min. Diastolic BP had to be Ͻ90 mmHg with a maximum of two antihypertensive drugs, and the oral prednisone dose had to be Յ0.5 mg/kg per d.
Objectives and Study Design
Objectives of the study were to evaluate the efficacy of a maintenance treatment that is based on cyclosporine or azathioprine in preventing the disease flares in patients with diffuse proliferative lupus nephritis and to compare the efficacy and the safety of the two treatments.
Patients who met the inclusion criteria were studied for 2 yr (core study). At the end of core study, the patients were invited to continue to be followed up to 4 yr.
The study was conducted in accordance with the Declaration of Helsinki. The study design and treatment protocols were approved by the Ethics Committees of the participating hospitals.
Interventions
Induction/Flare Treatment. One intravenous methylprednisolone pulse was given every 24 h for 3 consecutive days (0.5 g each for patients who weighed Յ50 kg; 1 g each for patients who weighed Ͼ50 kg), after which oral prednisone was administered at a dose of 1 mg/kg per d for 10 to 15 d and then tapered to 0.7 mg/kg per d for the next 10 to 15 d and then to 0.5 mg/kg per d up to the end of 2 mo. Oral cyclophosphamide also was given at a dose of 1 to 2 mg/kg per d for 3 mo.
Study Treatments. After induction treatment was completed, all patients received oral prednisone, which had to be reduced from 0.5 to 0.2 mg/kg per d by the end of month 6 in the case of normal levels of serum creatinine and proteinuria of Ͻ0.5 g/d and in absence of extrarenal symptoms. A further reduction until complete withdrawal could have been attempted at the investigators' discretion.
Cyclosporine (Neoral; Novartis AG, Basel, Switzerland) was administered at an initial dose of 4 mg/kg per d. After the first month (or sooner if trough blood levels exceeded 200 ng/ml), the dose was reduced by 0.5 mg/kg every 2 wk to a maintenance dose of 2.5 to 3.0 mg/kg per d (keeping trough levels between 75 and 200 ng/ml) if proteinuria was Ͻ1 g/d. In the case of higher levels of proteinuria, cyclosporine was reduced more slowly. The dose had to be reduced by 25 to 50% if serum creatinine increased to Ͼ30% above baseline levels unassociated with a lupus flare and/or if serum potassium increased to 6 mEq/L or more, liver enzyme levels doubled, or the patient developed treatment-refractory hypertension. If the abnormal parameter(s) did not return to normal within 2 to 4 wk, cyclosporine therapy had to be stopped.
Azathioprine (Azatioprina Wellcome, GlaxoSmithKline, London, UK) was given at an initial dose of 2 mg/kg per d, with an optional reduction to 1.5 mg/kg per d after 1 mo, if proteinuria was Ͻ1 g/d and serum creatinine was stable. The dose had to be halved if the white blood cell count was Ͻ4000/mm 3 and stopped for at least 2 wk if it was Ͻ3000/mm 3 . Persistent or repeated neutropenia (neutrophils Ͻ1000/ mm 3 ) required its discontinuation.
Neither cyclosporine nor azathioprine was increased if renal or extrarenal signs of lupus activity occurred. Prednisone was increased at clinical discretion of the clinician in the case of arthralgias and mild fever, according to the severity of symptoms. In no case did the daily dose exceed 25 mg.
Recruitment of Patients
From March 1999 to March 2001, 157 patients who had a diagnosis of systemic lupus erythematosus (SLE) (12) were considered for the study. We excluded 12 patients because their serum creatinine was Ͼ4 mg/dl (352 mol/L) and 34 patients because renal biopsy did not show class IV, Vb, or Vc (13) or because the chronicity index was higher than 4 (14) . Thirty-two patients were excluded because they were treated with either cyclosporine or azathioprine in the 6 mo preceding the screening. Four patients refused to participate in the study.
Outcomes
The primary outcome measure was the incidence of SLE flares over 2 yr. Secondary outcome measures were the levels of proteinuria as expressed in g/d, serum creatinine (mg/dl), and adverse effects.
Sample Size
The aim of this study initially was to show superiority of maintenance therapy with low-dose cyclosporine plus prednisone versus azathioprine plus prednisone on the incidence of renal flares. A sample size of 206 patients were to be enrolled in 24 mo. Because of an enrollment rate much lower than expected (27% of total sample in the first 20 mo), a protocol amendment was issued on which basis the aim of the study was switched from confirmatory to pilot and the target sample size was set to 80 patients. The new sample size was based solely on feasibility considerations. Because there no longer was a confirmatory aim, no new formal hypotheses were drawn and therefore no new power calculations were made.
Randomization
Randomization was stratified by center and was performed centrally. Investigators made telephone calls to the randomization center, where a computer program assigned each patient to one of the two treatments groups. Randomization occurred after verification of the eligibility of the patient for the treatment phase of the trial. The randomization to treatment was made according to a biased coin design (16) .
Visit Schedule
During the induction period, the patients underwent frequent laboratory tests and a clinical examination. For the aim of the study, data had to be recorded on days Ϫ90, Ϫ60, and Ϫ30 and at baseline (day 0). During the core study, they were examined on days 15, 30, 45, and 60; at the end of months 4 and 6; and then every 3 mo until month 24. Patients who participated in the follow-up study were examined every 3 mo until month 48.
The laboratory tests included the measurement of 24-h protein excretion and serum creatinine, urea, electrolytes, cholesterol, triglyceride, glucose, liver enzymes and bilirubin, total proteins and albumin, and a complete blood count with leukocytes. Anti-dsDNA, C3, and C4 were tested at each scheduled visit. The Systemic Lupus Activity Measure (SLAM) index (17) was recorded on days Ϫ90 and Ϫ60, at baseline, and then after 12 and 24 mo.
Definitions
A nephritic flare was defined as a rapid increase in serum creatinine of Ն30% above baseline associated with an increase in proteinuria, and/or active urine sediment, and/or a reduction in serum C3 and C4, and/or an increase in anti-dsDNA antibody levels; a proteinuric flare was defined as a rapid increase in proteinuria of at least 2 g/d if the previous proteinuria level had been Յ3.5 g/d or a doubling if previous proteinuria had been Ͼ3.5 g/d (18) . Severe extrarenal flares included skin or visceral vasculitis, neurologic manifestations, thrombocytopenia (Ͻ50,000/mm 3 ), hemolytic anemia (a decrease in hemoglobin levels of Ն5 g/dl together with an increase in serum bilirubin and reticulocytes), lupus pneumonitis, lupus myocarditis, or lupus serositis. The term definitions of specific lupus features are those included in the criteria of the American College of Rheumatology (13) . Active urine sediment was defined as the presence of Ն5 erythrocytes/high-power field. The creatinine clearance has been calculated according to Cockcroft and Gault (19) .
Statistical Analyses
All enrolled patients were considered for evaluation during the induction period; all randomly assigned and treated patients were considered for the safety evaluation, whereas only patients who had at least one postbaseline evaluation were eligible for the efficacy analyses according to the intention-to-treat principle. All results are given considering all available observations at each visit; no imputation of missing values was done. Given the exploratory nature of the analysis, no correction for multiplicity was made in reporting the results of the analyses of multiple variables. Within-group comparisons were done by means of paired t test; between-group comparisons were done by means of unpaired t test. Variability estimates to be used in calculation of confidence intervals (CI) were obtained by analysis of covariance using baseline values as covariates.
The results are given as mean values Ϯ SD unless otherwise specified. All analyses were performed using SAS V8.2 (SAS Institute, Cary, NC). Flares were not censored in the data analyses
Results
Induction Therapy
Seventy-five patients were enrolled in the screening period and received the induction treatment; 57% had a new diagnosis of SLE, and 43% had a renal flare. One woman with a long history of lupus nephritis and repeated flares died of pneumonia a few days after starting induction therapy; another patient developed a perirenal hematoma and fever after biopsy and received a different treatment.
Among the remaining 73 patients (eight men and 65 women; median age 32 yr), the median duration of induction was 90 d. The mean daily dose of cyclophosphamide was 91.5 Ϯ 23.8 mg, and the mean daily dose of oral prednisone was 39.2 Ϯ 11.1 mg.
The mean serum creatinine decreased from 1.0 Ϯ 0.46 to 0.9 Ϯ 0.27 mg/dl at the end of induction (P ϭ 0.0028). The mean proteinuria decreased from 3.6 Ϯ 2.5 to 2.4 Ϯ 2.8 g/24 h (P ϭ
.0 Ϯ 27.4 mg/dl) and serum C4 levels (from 9.0 Ϯ 6.0 to 21.4 Ϯ 35.1 mg/dl) and a decline of the mean SLAM score (from 21.1 Ϯ 7.7 to 13.7 Ϯ 5.4; P Ͻ 0.0001). Three patients were not randomly assigned because of adverse effects: High liver enzyme levels, severe leukopenia as a result of a wrong dose of cyclophosphamide, and renal failure during the screening period that needed re-treatment. These three patients and a fourth who withdrew informed consent were not randomly assigned.
Demography at Randomization
Of the 69 patients who were randomly assigned, 36 were assigned to cyclosporine and 33 were assigned to azathioprine. The mean age and gender distributions in the two groups were comparable. The initial biopsy showed a fair distribution of World Health Organization classes between the two groups and similar activity and chronicity indices. There were no significant differences in the baseline values of serum creatinine, daily urine protein excretion, or the SLAM index (Table 1) .
Numbers Analyzed
All patients but one were followed for at least 1 yr. One patient in the azathioprine arm was converted to mycophenolate mofetil because of inefficacy. Between the first and second years, five patients in the cyclosporine arm and four in the azathioprine arm stopped treatment because of adverse effects (see below). One patient in each group was lost to follow-up. Forty-seven patients (24 in the cyclosporine group and 23 in the azathioprine group) accepted to participate to the follow-up study (Figure 1) .
Treatments
Cyclosporine Group.
The mean starting dose of cyclosporine was 3.5 Ϯ 0.5 mg/kg per d (range 2.5 to 4.3); at the 24th month, it was 2.7 Ϯ 0.7 mg/kg per d (1.4 to 4.1). The mean dose during core treatment was 3.0 Ϯ 0.4 mg/kg per d (2.0 to 3.9). The mean starting dose of oral prednisone was 24.2 Ϯ 7.3 mg/d (6.3 to 50.0) with variations according to the variable residual activity of the disease; at the 24th month, it was 7.5 Ϯ 4.9 mg/d (2.5 to 25.0; Table 2 ). The average dose during the core study was 11.9 Ϯ 6.0 mg/d (5.5 to 28.8). Two patients completely stopped corticosteroids.
In the follow-up study, the mean exposure to cyclosporine was 2. The high mean dose was accounted for by the fact that a patient had a flare at the end of the fourth year and was given high-dose methylprednisolone pulses.
All patients but two who were receiving cyclosporine were given antihypertensive therapy. Of them, seven who were receiving cyclosporine and three who were receiving azathioprine were given angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers.
Efficacy
After randomization, no patient died or entered end-stage renal failure. During an overall exposure of 65.9 patients/yr in cyclosporine group, seven flares of SLE occurred, which represents an incidence density of 10.6 flares/100 patient-years. Two of them developed within the end of the second year, and five developed between the third and the fourth years. Eight flares occurred in the azathioprine group: Three in the first 2 yr and five after the end of the second year. The overall exposure was 59.8 patients/yr, representing an incidence density of 13.4 flares/100 patient-years. There was one nephritic flare per group. After flare treatment, serum creatinine returned to normal in the patient who was receiving cyclosporine, whereas it did not improve in the patient who was receiving azathioprine (from 1.6 to 1.9 mg/dl). There were four proteinuric flares in the cyclosporine arm and six in the azathioprine arm. In one patient per group, proteinuria did not respond to the reinforcement of therapy and remained in a nephrotic range. Two extrarenal flares occurred in the cyclosporine arm and another one in the azathioprine arm. They completely reversed after appropriate therapy. Data from patients who developed relapses have not been censored for the purpose of data analysis.
In the cyclosporine group, mean creatinine clearance decreased from 92.5 Ϯ 21.5 ml/min at baseline to 82.6 Ϯ 20.0 ml/min after 24 mo (NS). At 4 yr, the mean values were 80.0 Ϯ 15 ml /min for the 23 patients who completed the follow-up study, not significantly different from the basal values of the Patients' disposition in the core study (69 patients) and in the follow-up study (47 patients). Twenty-four months' data for two premature withdrawals were made available by the center and were actually used in all analyses according to the intention-to-treat principle.
same patients (Ϫ6.9 Ϯ 21 ml/min; NS). The corresponding figures in the azathioprine group were 104.1 Ϯ 46.5 and 109.9 Ϯ 43.9 ml/min (NS) at 2 yr. At 4 yr, the mean values were 104. Ϯ 40.1 ml/min for patients who completed the follow-up study with a NS reduction when compared with the basal values of the same patients (Ϫ5.1 Ϯ 38.7 ml/min; NS; Figure 2 ). The cyclosporine-azathioprine difference between the 24th month mean changes from baseline was equal to 12.0 ml/min (P ϭ 0.044). The comparison between the cyclosporine and azathioprine groups in changes of creatinine clearance at 4 yr was NS.
The areas under the curve of serum creatinine in the two groups were not significantly different. The mean reciprocal of serum creatinine also remained almost unchanged during treatment in both groups (data not shown). A control renal biopsy was performed after 2 yr in 14 patients who were assigned to cyclosporine and in 15 patients who were assigned to azathioprine. The activity index decreased from 5.9 Ϯ 3.9 to 1.4 Ϯ 3.2 in the cyclosporine group and from 7.4 Ϯ 4.2 to 0.5 Ϯ 1.3 in the azathioprine group. The chronicity index passed from 2.3 Ϯ 1.5 to 3.7 Ϯ 1.8 in the cyclosporine group and from 1.7 Ϯ 2.0 to 3.1 Ϯ 2.1 in the azathioprine group. Mean proteinuria levels decreased from 2.8 Ϯ 3.57 to 0.38 Ϯ 0.85 g/d (P Ͻ 0.0001) in the cyclosporine group at the end of core study and from 2. a Statistics are based on all patients who take at least one prednisone dose from baseline to month-24 visit. No significant differences were seen at any time point between treatments. The cumulative dosage of prednisone was not significantly different.
b Statistics are calculated on patients who actually were taking prednisone. Patients who were not taking prednisone (dose ϭ 0) are not considered. Figure 2 . Variations of the mean levels of creatinine clearance, after randomization in patients who were assigned to azathioprine (f) and cyclosporine group (u). Time 0 refers to the first observation at randomization. No significant differences between groups were observed at any time point. The lines on the top of the columns represent the SEM.
2.76 g/d (P ϭ 0.0058) in the cyclosporine group and 2.11 Ϯ 2.23 g/d (P ϭ 0.0002) in the azathioprine group, without differences between groups (NS). At the end of the follow-up study, 15 (41.7%) of the 36 patients who were assigned to cyclosporine and five (15.1%) of the 33 patients who were assigned to azathioprine had undetectable proteinuria levels (P ϭ 0.045). Mean systolic and diastolic BP levels tended to remain stable in both groups (Table 3) . After 2 yr, the SLAM total score significantly decreased in both groups, from 13.1 Ϯ 5.5 to 8.8 Ϯ 7.2 in the cyclosporine group (P ϭ 0.002) and from 14.2 Ϯ 6.1 to 5.6 Ϯ 3.0 in the azathioprine group (P Ͻ 0.0001).
Safety
During the core study, five patients in the cyclosporine group discontinued treatment: Two because of arterial hypertension, one because of increased BP and serum creatinine and potassium levels, one because of gastrointestinal intolerance, and one because of interstitial pneumonitis. Four patients in the azathioprine group discontinued the treatment because of leukopenia or infection.
A number of other adverse events were encountered during the core study (Table 4) . Minor infection and leukopenia were more frequent in the azathioprine group, whereas gastrointestinal disorders and arthralgias were more frequent in the cyclosporine group. In no case were these side effects severe enough to lead to treatment discontinuation in either group. After the core study was completed, adverse effects occurred less frequently, possibly as an effect of the reduction of immunosuppressive and steroid agents.
Discussion
One aim of the study was to evaluate which of the two regimens offered better protection against renal flares, a factor that was associated strictly with long-term disease outcome (18, 20) . However, during the 4-yr follow-up, seven flares occurred in the cyclosporine group (10.6 flares/100 patient-years) and eight in the azathioprine group (13.4 flares/100 patientyears). This small number of flares precludes any statistical analysis but underlines the efficacy of both regimens in preventing renal exacerbations. Most renal exacerbations were proteinuric flares that showed a fair outcome even in the long term, when appropriately treated (18) . No patient died or entered end-stage renal failure during the 4-yr follow-up.
Mean creatinine clearance levels decreased early during the core trial in patients who were treated with cyclosporine. This variation was expected because of the known vasoconstrictive effect of cyclosporine on renal vessels. The decrease in creatinine clearance occurred soon after the start of the treatment; subsequently, creatinine clearance remained almost unchanged until the end of the core and the follow-up study. In control renal biopsy, in both the cyclosporine and azathioprine groups, there was a reduction in activity index and a correspondent increase in chronicity index. Because protocol biopsy was performed in a minority of patients, no firm conclusions about cyclosporine nephrotoxicity can be drawn.
An important result is the significant reduction in daily proteinuria in both treatment arms in the core study. These data are highly relevant because there now is a bulk of evidence indicating that the remission of proteinuria is a strong predictor of a fair long-term renal outcome not only in patients with primary glomerular diseases (21, 22) but also in those with lupus nephritis (23, 24) .
The renal efficacy of treatment was matched by the attenuation of the general and extrarenal manifestations of the disease. a Month 0 refers to the first observation at randomization. No significant differences between groups were observed at any time point.
The mean SLAM scores of lupus clinical activity significantly decreased with both treatments, with somewhat lower scores in the azathioprine group. Five patients per group had to stop cyclosporine or azathioprine during the core study because of adverse effects. The rate and the severity of adverse effects were lower than those observed with other therapies that are used in lupus nephritis, such as corticosteroids (1) and intravenous cyclophosphamide (2-7), and similar to those with mycophenolate mofetil (6, 7) . One concern about the prolonged administration of cyclosporine is the possible risk for renal toxicity. One patient in the cyclosporine group had to discontinue treatment because of an increase in serum creatinine levels; however, there was no other case of severe renal function impairment. It should be noted that for maintenance treatment, the mean doses of cyclosporine ranged approximately 2 mg/kg per d. At this dosage, a vasoconstrictive effect of cyclosporine still is present, but the risks for nephrotoxicity, arterial hypertension, hyperlipidemia, and other cyclosporine-related adverse effects are very infrequent.
Conclusion
Today the clinician may choose from among several options for treating lupus nephritis. Besides cyclophosphamide and corticosteroids, azathioprine and mycophenolate mofetil have been used with success in recent randomized, clinical trials (6, 7) . These data confirm an important role for azathioprine in the maintenance treatment of lupus nephritis and also show that cyclosporine can be considered as a further therapeutic option that is particularly useful in patients with high proteinuria. We do not advocate a long-term administration of cyclosporine in all patients; rather, we believe that the possibility of rotating agents with different mechanisms of action and different adverse effects in a long-lasting disease such as diffuse lupus nephritis may help to increase the therapeutic index of our treatment strategies. b Number of events per 100 patients-years of follow-up.
